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1. PURPOSE. T h i s  Adv i so ry  C i r c u l a r  (AC) s e t s  f o r t h  a c c e p t a b l e  means, b u t  n o t  
t h e  o n l y  means, o f  showing compl iance  w i t h  P a r t  3 of  t h e  C i v i l  A i r  R e g u l a t i o n s  
(CAR) and P a r t  23 of t h e  F e d e r a l  A v i a t i o n  R e g u l a t i o n s  (FAR) a p p l i c a b l e  t o  t h e  
i n s t a l l a t i o n  of f u e l  f l o w m e t e r s / f u e l  t o t a l i z e r s  i n  s m a l l  a i r p l a n e s  w i t h  
con t inuous - f low,  f u e l - i n j e c t i o n ,  r e c i p r o c a t i n g  e n g i n e s .  T h i s  m a t e r i a l  i s  
n e i t h e r  mandatory n o r  r e g u l a t o r y  i n  n a t u r e  and d o e s  n o t  c o n s t i t u t e  a r e g u l a t i o n .  

2 .  RELATED REGULATIONS. These a c c e p t a b l e  means of  compl i ance  r e f e r  t o  c e r t a i n  
p r o v i s i o n s  of  P a r t  23 of t h e  FAR and t h e  c o r r e s p o n d i n g  p r o v i s i o n s  of  t h e  former  
P a r t  3 o f  t h e  CAR i n  t h e  c a s e  of a i r p l a n e s  f o r  which t h o s e  r e g u l a t i o n s  a r e  a p p l i -  
c a b l e .  L i s t e d  below a r e  t h e  a p p l i c a b l e  FAR s e c t i o n s  w i t h  t h e  r e l a t e d  CAR 
s e c t  i o n s  
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shown i n  p a r e n t h e s e s :  

FAR S e c t  i o n  

3 .  BACKGROUND. 

a.  R e c e n t l y  t h e r e  h a s  been  a t r e n d  toward r e p l a c i n g  f u e l  p r e s s u r e  i n d i -  
c a t o r s  and a n a l o g  r e a d i n g  f u e l  f l owmete r s  w i t h  d i g i t a l  f u e l  f l o w m e t e r s / f u e l  
t o t a l i z e r s .  New deve lopmen t s  i n  m i c r o p r o c e s s o r  t echno logy  have r e s u l t e d  i n  
d i g i t a l  f u e l  f l o w  computer  sys t ems  t h a t  a r e  economica l ,  a c c u r a t e ,  and t h a t  
p r o v i d e  d a t a  f o r  improved f u e l  management. These d i g i t a l  f u e l  f l ow computer  
sys t ems  a l s o  have  f e a t u r e s  f o r  d i s p l a y i n g  t o t a l  f u e l  consumed, t o t a l  f u e l  
r ema in ing ,  and t i m e  r ema in ing ;  however,  t h e  a c c u r a c y  of  t h e s e  r e a d i n g s  are 
dependent  upon t h e  i n i t i a l  f u e l  s u p p l y  e n t e r e d  i n t o  t h e  f u e l  computer .  The 
p r e c i s e  d i g i t a l  r e a d i n g s  t h a t  are d i s p l a y e d  t o  t h e  n e a r e s t  t e n t h  of  a g a l l o n  
c o u l d  g i v e  t h e  p i l o t  a f a l s e  s e n s e  of  a c c u r a c y  and s e c u r i t y ,  e s p e c i a l l y  t h e  
r e a d i n g s  f o r  t o t a l  f u e l  remaining  and t i m e  r ema in ing .  



b. D i g i t a l  f u e l  f lowmeters a r e  no t  a  r e q u i r e d  powerplant  ins t rument .  They 
a r e  o p t i o n a l  equipment and should  n o t  be cons ide red  replacements  f o r  f u e l  q u a n t i t y  
o r  f u e l  p r e s s u r e  i n d i c a t o r s .  D i f f e r e n t  i n t e r p r e t a t i o n s  of t h e  FAR have caused 
c o n f l i c t  and l a c k  of n a t i o n a l  s t a n d a r d i z a t i o n  on i n s t a l l a t i o n  of f u e l  p r e s s u r e  
i n d i c a t o r s  and f u e l  f lowmete r s / fue l  t o t a l i z e r s  i n  smal l  a i r p l a n e s  t h a t  have 
continuous-flow, f u e l - i n j e c t i o n  systems.  I n q u i r i e s  from members of the  a v i a t i o n  
community and manufacturers  have i n d i c a t e d  a  need f o r  i n f o r m a t i o n  concerning 
approva l  and i n s t a l l a t i o n  of d i g i t a l  f u e l  f lowmete r s / fue l  t o t a l i z e r s .  The loca- 
t i o n  of the  f u e l  f low t r a n s d u c e r  i n  t h e  f u e l  system is  c r i t i c a l  f o r  measuring 
t h e  t o t a l  f u e l  f low consumed by t h e  engine  and main ta in ing  eng ine  performance. 
Each type of i n s t a l l a t i o n  h a s  an  impact on t h e  o p e r a t i o n  of t h e  f u e l  system and 
needs to  be eva lua ted  and approved. 

4 .  DISCUSSION. 

a .  Fuel  P r e s s u r e  and Fuel  Quan t i ty  I n d i c a t o r .  

(1)  A f u e l  p r e s s u r e  i n d i c a t o r  i s  r e q u i r e d  f o r  pump-fed eng ines  i n  
accordance w i t h  s e c t i o n  23.1305(g),  and i t  is  in tended t o  moni to r  unmetered f u e l  
p r e s s u r e  a t  t h e  i n l e t  t o  the  i n j e c t o r  and a d v i s e  t h e  p i l o t  of a  f u e l  p r e s s u r e  
d e f i c i e n c y .  Many s m a l l  a i r p l a n e s  w i t h  r e c i p r o c a t i n g ,  cont inuous-f low,  f u e l -  
i n j e c t i o n  e n g i n e s  a r e  equipped w i t h  f u e l  p r e s s u r e  i n d i c a t o r s  t h a t  a c t u a l l y  mea- 
s u r e  metered f u e l  p r e s s u r e .  Metered f u e l  p r e s s u r e  i n  a  f u e l - i n j e c t i o n  system 
a l s o  r e l a t e s  t o  f u e l  f low,  and can provide  a  s a t i s f a c t o r y  method f o r  d i s p l a y i n g  
f u e l  f low. However, r e p l a c i n g  t h e  metered f u e l  p r e s s u r e  i n d i c a t o r s  w i t h  f u e l  
f lowmeters could  cause  an  unsa fe  c o n d i t i o n  by f a i l i n g  t o  p rov ide  c r i t i c a l  f u e l  
p r e s s u r e  in fo rmat ion  t o  t h e  p i l o t  t h a t  i s  e s p e c i a l l y  important  dur ing  t h e  t akeof f  
phase of t h e  f l i g h t .  Fuel  f lowmeters a r e  n o t  r e q u i r e d  powerplant  ins t ruments  
f o r  r e c i p r o c a t i n g  eng ines  t o  meet a i r w o r t h i n e s s  s t a n d a r d s  of P a r t  3 of t h e  CAR 
o r  P a r t  23 of t h e  FAR. 

(2 )  D i g i t a l  f u e l  f low computer systems have a  f u e l  f low t r a n s d u c e r  
t h a t  d i r e c t l y  measures t h e  amount of f u e l  being fed  t o  t h e  eng ine .  The f u e l  
f low t r a n s d u c e r  may be a  smal l  paddle  wheel, a n  i m p e l l e r ,  o r  spring-loaded 
movable vanes.  D i g i t a l  d i s p l a y s  w i t h  a f u e l  computer a l s o  pe rmi t  t h e s e  i n s t r u -  
ments t o  d i s p l a y  t o t a l  f u e l  consumed, t o t a l  f u e l  remaining,  and t ime remaining 
a t  the  p r e s e n t  f u e l  f low r a t e  f o r  f u e l  management. O v e r a l l  accuracy  f o r  f u e l  
remaining and t ime remaining r e a d i n g s  depends on t h e  t r a n s d u c e r  p rocess ing  u n i t  
and d i s p l a y ,  bu t  t h e  l a r g e s t  p o s s i b l e  e r r o r  i s  t h e  i n i t i a l  f u e l  supp ly  which is  
e n t e r e d  by t h e  p i l o t  a t  the  s t a r t  of each f l i g h t .  E r r o r s  i n  t h e  i n i t i a l  f u e l  
supp ly  may be caused by uneven ramp, unusual  l o a d i n g ,  volume changes of t h e  f u e l  
due t o  temperature  v a r i a t i o n s ,  ma l func t ions  i n  t h e  f u e l  system such a s  l e a k s ,  
s iphon ing  a c t  i o n s ,  c o l l a p s e d  b l a d d e r s ,  and o t h e r  f a c t o r s ;  t h e r e f  o r e ,  t o t a l  f u e l  
remaining should  be v e r i f i e d  w i t h  t h e  f u e l  q u a n t i t y  i n d i c a t o r .  I n  accordance 
w i t h  s e c t  i o n  23 .1337b( l ) ,  f u e l  q u a n t i t y  i n d i c a t o r s  a r e  r equ i red  t o  be c a l i b r a t e d  
t o  read "zero" d u r i n g  l e v e l  f l i g h t  when t h e  q u a n t i t y  of  f u e l  remaining i n  t h e  
t ank  is  equa l  t o  t h e  unusable f u e l  supply.  For  t h i s  r eason ,  f u e l  q u a n t i t y  i n d i -  
c a t o r s  should be used a s  t h e  primary fuel - remaining ins t ruments .  Fuel  q u a n t i t y  
i n d i c a t o r s  t h a t  a r e  i n a c c u r a t e  should  be p e r i o d i c a l l y  c a l i b r a t e d  and /o r  r epa i red  
i f  necessa ry  t o  e n s u r e  r e l i a b l e  r ead ings .  



b. F u e l - I n j e c t i o n  Systems. F u e l - i n j e c t i o n  systems have been designed 
f o r  many types  of r e c i p r o c a t i n g  eng ines ,  and va ry  i n  d e t a i l s  of c o n s t r u c t i o n ,  
ar rangement ,  and o p e r a t i o n .  Only con t  inuous-f low, f u e l - i n j e c t  i o n  s y s  tems f o r  
r e c i p r o c a t i n g  eng ines  w i l l  be d i s c u s s e d  i n  e i t h e r  t h e  speed-sensing p r e s s u r e  
pump o r  c o n s t a n t - p r e s s u r e  pump c a t e g o r i e s .  

(1)  F u e l - I n j e c t i o n  System w i t h  I n t e g r a l  Speed-Sensing P r e s s u r e  Pump. 

( i )  A f u e l - i n j e c t i o n  system w i t h  an  i n t e g r a l  speed-sensing pres-  
s u r e  pump d e l i v e r s  f u e l  a t  a  p r e s s u r e  p r o p o r t i o n a l  t o  eng ine  speed,  and t h e  pump 
i s  approved a s  p a r t  of t h e  engine  type d e s i g n  dur ing  t h e  eng ine  c e r t i f i c a t i o n  
p rocess .  The f u e l  i n j e c t i o n  system h a s  f u e l  l i f t  c a p a b i l i t y  t h a t  e n a b l e s  t h e  
system t o  f u n c t i o n  w i t h  a  nega t ive  i n l e t  p r e s s u r e  w i t h i n  s p e c i f i c  l i m i t s  a s  
i n d i c a t e d  by t h e  eng ine  type d a t a  s h e e t .  An emergency f u e l  pump is  no t  r equ i red  
when the  f u e l  i n j e c t i o n  pump i s  approved a s  p a r t  of t h e  eng ine  i n  accordance 
w i t h  s e c t i o n  23.991(b).  The a i r f r a m e  manufacturers  may provide  an a u x i l i a r y  
f u e l  pump l o c a t e d  upst ream of t h e  f u e l - i n j e c t o r  pump f o r  priming t h e  engine  and 
f o r  suppress ing  f u e l  vapors .  Th i s  a u x i l i a r y  f u e l  pump can provide  some f u e l  
f low dur ing  emergency o p e r a t i o n s ,  but  may n o t  s u s t a i n  engine  o p e r a t i o n  a t  f u l l  
power i n  the  even t  t h e  engine-dr iven,  f u e l - i n j e c t o r  pump f a i l s ;  t h e r e f o r e ,  i t  
i s  n o t  consxdered an emergency f u e l  pump. 

( i i )  I f  the  f u e l  system i n  the  a i r p l a n e  can meet t h e  f u e l  f low 
requirement:  of s e c t i o n  23.955(c) a t  t h e  minimum a l lowable  i n l e t  p r e s s u r e  l i m i t s  
w i thou t  the  need of an  e x t e r n a l  pump, a  f u e l  p r e s s u r e  i n d i c a t o r  i s  n o t  r e q u i r e d .  
Nonethelesc some manufac tu re r s  have i n s t a l l e d  a  f u e l  p r e s s u r e  i n d i c a t o r  t h a t  
s e n s e s  mete sd f u e l  p r e s s u r e  a t  t h e  f u e l  d i s t r i b u t i o n  v a l v e .  S ince  metered 
f u e l  p r e s s T  2 i s  r e l a t e d  t o  f u e l  f low,  i t  can provide  a  means f o r  d i s p l a y i n g  
f u e l  flow. p r e s s u r e  i n d i c a t o r  t h a t  i s  measuring metered f u e l  p r e s s u r e  may 
have t h e  E 2 marked i n  terms of f u e l  p r e s s u r e ,  f u e l  f low,  and /o r  percentage 
o f  engine  r .  With t h e s e  f u e l  f low markings, t h e  i n d i c a t o r  sometimes is  
r e f e r r e d  t -s an ana log  pressure- type flowmeter. I f  an  analog pressure- type 
f lowmeter i n s t a l l e d  a s  p a r t  of t h e  a i r p l a n e  manufac tu re r ' s  type  c e r t i f i c a t e ,  
a  replacem I r  d i g i t a l  o r  analog f u e l  f lowmete r / fue l  t o t a l i z e r  i s  a c c e p t a b l e ,  
provided t - i n s t a l l a t i o n  meets t h e  a p p l i c a b l e  a i r w o r t h i n e s s  requirements  men- 
t ioned  i n  [ z r a g r a p h  5. 

Z F u e l - I n j e c t i o n  System w i t h  Constant  P r e s s u r e  Pump. 

( i )  A f u e l - i n j e c t i o n  system w i t h  an  e s s e n t i a l l y  c o n s t a n t  d i s -  
cha rge  p re  - I r e  d u r i n g  normal f l i g h t  eng ine  r e v o l u t i o n s  normal ly  r e q u i r e s  t h a t  
t h e  f u e l  b+ supp l i ed  a t  a  p o s i t i v e  p r e s s u r e  w i t h i n  s p e c i f i e d  l i m i t s  t o  t h e  f u e l -  
i n j e c t o r  i s  z t .  To p rov ide  t h i s  i n l e t  p r e s s u r e ,  t h e  engine-dr iven f u e l  pump 
and t h e  em gency pump a r e  u s u a l l y  i n s t a l l e d  by t h e  a i r p l a n e  manufacturer .  An 
emergency 21 pump i s  r e q u i r e d  by s e c t i o n  23.991(b) and t h i s  pump should  meet 
t h e  f u e l  f -  r a t e  of s e c t i o n  23.955; t h e r e f o r e ,  i t  w i l l  s u s t a i n  eng ine  opera- 
t i o n  i f  th-  engine-dr iven f u e l  pump f a i l s .  



( i i )  A f u e l  p r e s s u r e  i n d i c a t o r  i s  r e q u i r e d  f o r  pump-fed e n g i n e s  
i n  acco rdance  w i t h  s e c t i o n  23 .1305(g) ,  and is  i n t e n d e d  f o r  m o n i t o r i n g  unmetered 
f u e l  p r e s s u r e  a t  t h e  i n l e t  t o  t h e  i n j e c t o r .  The f u e l  p r e s s u r e  i n d i c a t o r  pro- 
v i d e s  a  means f o r  t h e  p i l o t  t o  d e t e r m i n e  i f  t h e  f u e l  p r e s s u r e  i s  w i t h i n  s a f e  
l i m i t s  f o r  p r o p e r  o p e r a t i o n .  

( i i i )  S e v e r a l  a i r p l a n e s  have been  approved w i t h  a  f u e l  p r e s s u r e  
i n d i c a t o r  connected  t o  t h e  f u e l  d i s t r i b u t i o n  v a l v e  where t h e  f u e l  f l o w  i s  a  
f u n c t i o n  of metered  f u e l  p r e s s u r e  t o  t h e  d i s c h a r g e  n o z z l e .  Metered f u e l  p re s -  
s u r e  i s  r e l a t e d  t o  f u e l  f l o w  and a l s o  r e l a t e s  t o  e n g i n e  power o u t p u t .  I n  some 
a p p l i c a t i o n s ,  metered  f u e l  p r e s s u r e  h a s  been found a c c e p t a b l e  f o r  m o n i t o r i n g  
f u e l  p r e s s u r e  and c o n t r o l l i n g  e n g i n e  per formance .  The s c a l e  on t h e  p r e s s u r e  
i n d i c a t o r  i s  t o  be marked i n  f u e l  p r e s s u r e ;  i n  a d d i t i o n ,  i t  may be marked i n  
f u e l  f l ow a n d / o r  p e r c e n t  of e n g i n e  power o u t p u t .  A f u e l  p r e s s u r e  i n d i c a t o r  a t  
t h e  i n l e t  t o  t h e  i n j e c t o r  p r o v i d e s  a more p o s i t i v e  means of m o n i t o r i n g  t h e  
o p e r a t i o n  of t h e  eng ine -d r iven  f u e l  pump and t h e  emergency f u e l  pump. 

( i v )  An a i r p l a n e  t h a t  h a s  b o t h  a s e p a r a t e  unmetered f u e l  p re s -  
s u r e  i n d i c a t o r  and an analog  p re s su re - type  f lowmete r  may have t h e  ana log  
p r e s s u r e - t y p e  f u e l  f lowmeter  r e p l a c e d  w i t h  a d i g i t a l  f u e l  f l o w m e t e r / f u e l  
t o t a l i z e r .  I f  o n l y  an ana log  p r e s s u r e - t y p e  f u e l  f l owmete r  i s  i n s t a l l e d  t h a t  
a c t u a l l y  o p e r a t e s  from metered f u e l  p r e s s u r e ,  t h e  a n a l o g  p r e s s u r e - t y p e  f u e l  
f lowmeter  may n o t  be r e p l a c e d  w i t h  a d i g i t a l  f u e l  f l o w m e t e r / f u e l  t o t a l i z e r  
u n l e s s  a n o t h e r  f u e l  p r e s s u r e  i n d i c a t o r  i s  i n s t a l l e d  t o  s e n s e  t h e  f u e l  p r e s s u r e  
a t  t h e  f u e l - i n j e c t o r  i n l e t  o r  a n  e q u i v a l e n t  l e v e l  o f  s a f e t y  f o r  t h e  a i r p l a n e  
shows t h a t  r e p l a c i n g  t h e  f u e l  p r e s s u r e  i n d i c a t o r  w i t h  a f lowmete r  w i l l  s t i l l  
meet  t h e  a p p l i c a b l e  a i r w o r t h i n e s s  r equ i r emen t .  A f i n d i n g  of  e q u i v a l e n t  l e v e l  
o f  s a f e t y  shou ld  s u b s t a n t i a t e  t h a t  t h e  i n s t r u m e n t a t i o n  p rov ided  by t h e  f u e l  
f lowmeter  i s  s a t i s f a c t o r y ,  r e l i a b l e ,  and s a f e  u n d e r  a l l  r e a s o n a b l e  f o r e s e e a b l e  
ope r a t i n g  c o n d i t i o n s  . 
5 .  ACCEPTABLE MEANS OF COMPLIANCE. An a c c e p t a b l e  method of  compl iance  w i t h  
t h e  a i r w o r t h i n e s s  s t a n d a r d s  f o r  i n s t a l l a t i o n  of  f u e l  f l owmete r s  i n  s m a l l  a i r -  
p l a n e s  w i t h  c o n t  inuous-f  low, f u e l - i n j  e c t  i o n  s y s  tern r e c i p r o c a t i n g  e n g i n e  is  
d e s c r i b e d  below. 

a .  FAA Approval  of T e c h n i c a l  D a t a / I n s t a l l a t i o n .  I n s t a l l a t i o n  of  t h e  f u e l  
f l o w m e t e r / f u e l  t o t a l i z e r  may be approved th rough  Type C e r t i f i c a t i o n  (TC) o r  
Supplementa l  Type C e r t i f i c a t i o n  (STC) f o r  t h e  a i r f r a m e  a n d / o r  e n g i n e .  FAA 
a p p r o v a l  is  o b t a i n e d  a f t e r  t h e  a p p l i c a n t  shows t h a t  t h e  f u e l  f l o w m e t e r / f u e l  
t o t a l i z e r  w i l l  per form i t s  in t ended  f u n c t i o n s  and a s s u r e s  t h a t  no u n s a f e  fea-  
t u r e s  a r e  i n c o r p o r a t e d .  The need f o r  c e r t i f i c a t i o n  a p p r o v a l  f o r  t h e  e n g i n e  
w i l l  be de t e rmined  f o r  each  p a r t i c u l a r  i n s t a l l a t i o n .  C e r t i f i c a t i o n  a p p r o v a l  
f o r  t h e  e n g i n e  i s  n o t  r e q u i r e d  when t h e  a p p l i c a n t  p r o v i d e s  FAA-approved d a t a  
t h a t  shows a n  a l t e r n a t e  c o n f i g u r a t i o n  t h a t  p e r m i t s  a d i g i t a l  f lowmeter  w i t h  
s p e c i f i c  i n s t r u c t i o n s .  An improper  i n s t a l l a t i o n  n o t  o n l y  w i l l  j e o p a r d i z e  t h e  
s a f e t y  o f  t h e  p r e s e n t  d e s i g n s ,  b u t  c o u l d  a l s o  i n c r e a s e  p r o b a b i l i t y  of  sys tem 
f a i l u r e .  I n s t a l l a t i o n s  shou ld  comply w i t h  t h e  a i r w o r t h i n e s s  r e g u l a t i o n s  and 
w i t h  t h e  m a n u f a c t u r e r ' s  i n s t a l l a t i o n  c r i t e r i a .  



b. A i r w o r t h i n e s s  C o n s i d e r a t i o n s .  

(1) F u e l - I n j e c t i o n  System w i t h  I n t e g r a l  Speed Sensing P r e s s u r e  Pump. 
I n s t a l l a t i o n  of a d i g i t a l  o r  analog f u e l  flowmeter may r e p l a c e  t h e  analog 
p ressure - type  f lowmeter.  

(2 )  F u e l - I n j e c t i o n  System w i t h  a  Constant  P r e s s u r e  Pump. I n s t a l l a -  
t i o n  of a  d i g i t a l  o r  analog f u e l  f lowmeter may r e p l a c e  t h e  analog p ressure - type  
f lowmeter,  provided a n  unmetered f u e l  p r e s s u r e  i n d i c a t o r  i s  i n s t a l l e d ;  o r  i t  
h a s  been determined t h a t  r e p l a c i n g  t h e  f u e l  p r e s s u r e  i n d i c a t o r  wi th  a  f u e l  
f lowmeter c o n s t i t u t e s  a n  e q u i v a l e n t  l e v e l  of s a f e t y .  

(3)  Genera l  Cons ide ra t ions .  Changes t o  t h e  f u e l  systems should  be 
e v a l u a t e d  f o r  f u e l  f low r a t e s ,  maximum a l lowable  p r e s s u r e  drop,  h o t  weather  
o p e r a t i o n s ,  v i b r a t i o n  and l o a d s  on l i n e s  and f i t t i n g s ,  f i r e  p r o t e c t i o n ,  and 
powerplant  i n s t r u m e n t s ,  i n c l u d i n g  e f f e c t s  of g l a r e  and r e f l e c t i o n s  on i n s t r u -  
ments i n  p i l o t  compartment. An eng ineer ing  a n a l y s i s  should  be made t o  e n s u r e  
good eng ineer ing  p r a c t i c e s  a r e  incorpora ted  i n  t h e  des ign  and t h a t  t h e  i n s t a l -  
l a t i o n  is  in accordance  w i t h  a i r w o r t h i n e s s  s t a n d a r d s  of t h e  fo l lowing  s e c t i o n s :  
23.773, 23.955, 23.961, 23.993, 23.1183, 23.1191, 23.1337 and 23.1529 of P a r t  23. 
The f i r e - r e s i s t a n t  c a p a b i l i t y  o f  f u e l  system components i n  t h e  eng ine  compart- 
ment should  be e v a l u a t e d .  The e x t e n t  and n a t u r e  of ground and f l i g h t  e v a l u a t i o n s  
w i l l  depend upon each p a r t i c u l a r  i n s  t a l l a t i o n .  

c.  Eva lua t ion .  Modi f i ca t ion  of t h e  approved f u e l  system may have major 
e f f e c t s ;  t h e r e f o r e ,  an e v a l u a t i o n  should  be conducted t o  s u b s t a n t i a t e  continued 
compliance of t h e  f u e l  system w i t h  a i r w o r t h i n e s s  requirements .  FAA approva l  
i s  i s sued  when a l l  a i r w o r t h i n e s s  requirements  a r e  met. The fo l lowing  i tems 
should  be cons ide red :  

(1) F u e l  f low t r a n s d u c e r  should  measure t h e  t o t a l  f u e l  f low under  a l l  
o p e r a t i n g  c o n d i t i o n s  w i t h  e i t h e r  t h e  engine-driven o r  t h e  emergency f u e l  pumps. 
Some f u e l  s y s  t e m s  p rov ide  an  a l t e r n a t e  f u e l  f low p a t h  under d i f f e r e n t  o p e r a t i n g  
c o n d i t i o n s ;  f o r  t h i s  r e a s o n ,  t h e  f u e l  f low t r a n s d u c e r  must be i n s t a l l e d  upstream 
o f  t h e  a l t e r n a t e  f u e l  f low path .  

(2) F u e l  f l o w  t r a n s d u c e r  should  be i n s t a l l e d  downstream of any 
bypasses  o r  ven t  r e t u r n s  t o  the  f u e l  system. 

( 3 )  Maximum f u e l  p r e s s u r e  drop a c r o s s  t h e  f u e l  f low t r a n s d u c e r  (normal 
and blocked c o n d i t i o n s )  should  be w i t h i n  manufac tu re r ' s  s p e c i f i c a t i o n  and a i r -  
w o r t h i n e s s  r equ i rements .  Fuel  p r e s s u r e  drop may a f f e c t  t h e  minimum f u e l  i n j e c t o r  
f u e l  i n l e t  p r e s s u r e .  The minimum f u e l  i n j e c t o r  f u e l  i n l e t  p r e s s u r e  may r e q u i r e  
t o  be r e d e f i n e d ,  and t h e  ins t rument  range markings on t h e  f u e l  p r e s s u r e  i n d i c a t o r  
may need t o  be r e v i s e d .  Engine-driven pump and emergency o r  boost  pump may 
r e q u i r e  adjus tment  t o  h i g h e r  p r e s s u r e  t o  account f o r  t h e  added r e s t r i c t i o n  of 
t h e  t r a n s d u c e r .  The pumps should  be t e s t e d  t o  a s c e r t a i n  t h e i r  c a p a b i l i t y  t o  



supply  t h e  r e q u i r e d  f u e l  f low r a t e  a t  t h e  h i g h e r  p r e s s u r e .  F l i g h t  t e s t s  f o r  
turbocharged eng ines  may be requ i red  to  determine t h a t  minimum f u e l  i n j e c t o r  
i n l e t  p r e s s u r e  meets  t h e  eng ine  type c e r t i f i c a t e  d a t a  s h e e t  a t  t h e  maximum 
approved a l t i t u d e .  

d. Markings and P laca rds  f o r  Powerplant Ins t ruments .  Advisory C i r c u l a r  
No. 20-888 p r o v i d e s  g u i d e l i n e s  on markings of a i r p l a n e  powerplant  ins t ruments .  
S e c t i o n s  23.1541, 23.1543 and 23.1549 of P a r t  23 p rov ide  t h e  a i r w o r t h i n e s s  
r equ i rements  f o r  ins t rument  markings and p l a c a r d s .  The r e q u i r e d  range markings 
and /o r  p l a c a r d s  should  be fu rn i shed  w i t h  the  s a f e  o p e r a t i n g  l i m i t s .  A placa rd  
should  be l o c a t e d  n e a r  the  f u e l  f lowmete r / fue l  t o t a l i z e r  d i s p l a y  w i t h  t h e  f o l -  
lowing s t a t e m e n t :  O r i g i n a l  equipment f u e l  q u a n t i t y  i n d i c a t o r  is t h e  primary 
read ing  of f u e l  on board the  a i r p l a n e .  

e .  A i r p l a n e  F l i g h t  Manual (AFM) . A f l i g h t  manual supplement o r  supple- 
menta l  AFM and /o r  p l a c a r d s ,  i f  a p p r o p r i a t e ,  should  be prepared by t h e  a p p l i c a n t .  
The in fo rmat ion  should  be p resen ted  f o r  FAA approva l  i n  t h e  fo l lowing  s e c t i o n s :  

(1 )  L i m i t a t i o n  s e c t  i o n  should  i n c l u d e  p l a c a r d  i n f o r m a t i o n  and i n s  t r u -  
ment markings. 

(2)  Normal procedure  s e c t i o n  should  i n c l u d e  in fo rmat ion  on t h e  opera- 
t i o n  and f u n c t i o n  of t h e  equipment. Included i n  t h i s  s e c t i o n  should  be i n f o r -  
mation t h a t  t h e  f u e l  t o t a l i z e r  does no t  sense  t h e  q u a n t i t y  of f u e l  in t h e  t anks  
and i t  should  n o t  be used a s  a  f u e l  q u a n t i t y  i n d i c a t o r .  The accuracy  of t o t a l  
f u e l  remaining d i s p l a y e d  on t h e  f u e l  f lowmete r / fue l  t o t a l i z e r  is  dependent upon 
t h e  i n i t i a l  f u e l  supp ly  programmed i n t o  t h e  computer b e f o r e  t h e  start of each 
f l i g h t .  U n c e r t a i n t i e s  about i n i t i a l  f u e l  supp ly  and t o t a l  f u e l  remaining can 
be due t o  uneven ramp, unusual  l o a d i n g ,  volume changes of t h e  f u e l  due t o  
t empera tu re  v a r i a t i o n s ,  ma l func t ions  such a s  l e a k s ,  s iphon ing  a c t i o n ,  c o l l a p s e d  
b l a d d e r ,  and o t h e r  f a c t o r s ;  t h e r e f o r e ,  t h e  t o t a l  f u e l  remaining shou ld  be 
v e r i f i e d  w i t h  t h e  f u e l  q u a n t i t y  i n d i c a t o r .  Before  f l i g h t ,  i t  i s  e s s e n t i a l  t h a t  
t h e  p i l o t  de te rmine  t h a t  t h e  f u e l  programmed i n t o  t h e  computer is t h e  same a s  
t h e  u s a b l e  f u e l  on board the  a i r p l a n e .  

( 3 )  The emergency procedure  s e c t i o n  should  i n c l u d e  any system m a l -  
f u n c t i o n  t h a t  may occur  due t o  e l e c t r i c a l  power f a i l u r e  and t h e  procedures  f o r  
v e r i f y i n g  p roper  o p e r a t i o n  a f  ter power outages .  

( 4 )  I f  t h e  c e r t i f i c a t i o n  b a s i s  does  n o t  r e q u i r e  an  AFM w i t h  t h e  a i r -  
p l a n e ,  t h e  a p p l i c a n t  may provide  a  supplementa l  AFM, o r  p rov ide  t h e  necessa ry  
in fo rmat ion  t o  t h e  p i l o t  by means of p l a c a r d s .  

*& MURRA 
Di re  t o r ,  C e n t r a l  Region V 
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